In this paper an experimental three stations MTDC power grid mock-up is presented and developed. The experimental platform is intended to combine electrical power components and communication/control equipment with real-time system simulation tools. A Real-Time Simulation (RTS) methodology with Power-Hardware-In-the-Loop (PHIL) capabilities are used to incorporate the transient reaction of the hardware under study without the need for developing a complicated numerical model, while the power system circuit can be purely simulated. A master-slave control strategy was used in the MTDC transmission system to control terminals VSC and some conclusions are drowning from the results of the real-time simulation and experimentation.
Introduction
As offshore wind farms become more prevalent, more flexible transmission systems will be needed to ensure an efficient energy transmission. Due to the large capacitive currents associated with long distance ac power transmission, the use of HVDC transmission for integrating offshore wind farms to continental grid system would be more advantageous with respect to other alternative solutions [1] [3] . The use of Multi-Terminal HVDC (MTDC) is a potential solution for the integration of the windfarms and oil/gas platforms into the onshore grid system. An interconnection between the offshore wind-farms and onshore grid can result in reduced operational costs, increased reliability and reduced CO2 emissions. An MTDC network will be then the core of such interconnection. MTDC can also open new power market opportunities and result in better utilization of transmission lines [3] [4] .
This paper proposes a test bed design of MTDC grid including three stations based on Voltage Source Converters (VSC). It have for the first time been used for HVDC transmission in a real network. Experience from the design and commissioning of the transmission shows that the technology has now reached the stage where it is possible to build high voltage converters utilizing Insulated Gate Bipolar Transistors (IGBTs). Operation and system tests have proved that the properties that have been discussed for many years regarding VSCs for HVDC are a reality now. They include independent control of active and reactive power, operation against isolated a.c. networks with no generation of their own, very limited need of filters and no need of transformers for the conversion process.
A slave-master control configuration is used to control all VSC converters: a master-terminal dedicated to the dc bus voltage regulation and others (slave terminals) are set in constant power control mode. A physical three-node MTDC grid has been realized: two nodes are based on two VSCs converter connected to an AC power amplifier and the last node is connected to DC power amplifier controlled by a real time simulator. This MTDC experimental platform allows the modeling of three DC network terminals specifically to address the control, operational issues and faults detection in offshore networks.
Presentation of the laboratory MTDC structure
The three-terminal direct current based VSC-HVDC mock-up is proposed below; it consists of three VSCs terminals with master-slave control objective. The onshore grid is interconnected to the offshore generation technologies-wind energy. The main data of the mock-up power grid transmission system are presenting in the following: -Power rating: 2.5 kW.
-AC line voltage: 125 V.
-DC voltage 250 v. The schematic diagram of the proposed MTDC is shown in fig.1 . The MTDC grid is a real hardware model based on two VSCs converters connected to the first and second nodes which are linked to two AC power amplifiers. The third node is used to mimic the behavior of an offshore wind farm using a DC power amplifier. All three amplifiers are controlled by a real time simulator which simulates in a real-time the wind farm and the AC onshore power system. All system is supervised through a SCADA supervisor. The table 1 shows the three lines parameters. I solid cables were used to setup the mockup, with two different sections, Fig .2 shows the typical topology of the voltage source converters, with the most significant components.
Fig. 2 MTDC converter station model
The overall system implementing a bi-directional DC/AC converter is shown in Fig. 3 .The structure of this system is based on three parts:
• 
Real-time simulation res
The real-time simulation is a pow labs. An Opal-RT simulator bas Opal-RT Technologies was utili mode. It is a fundamental con integration solvers. ARTEMIS in systems and enables real-time si be controlled to operate either transmission with control system 250 V and 500 W as power refe processor or with parallel compu Fig.7 shows a simulation result validation, the DC bus is set to 2 500 w through the slave station a 
Experimental results
For the validation of the real-time simulated model of the three nodes MTDC grid, a complete platform MTDC grid is built. It contains three stations whose two are connected to two VSCs based on ARCEL-IGBT and DSP TMS320F28335 cards [7] . AC outputs of these VSCs are connected to two AC powers amplifiers. The third station is directly connected to a DC power amplifier and emulates a wind farm network. All the power amplifiers are managed by an Opal-RT simulator, all the platform is supervised with PC-VUE SCADA environment. Both AC onshore power system and offshore wind farm run in real-time simulation to communicate with power amplifiers. The advantage of using a realtime simulator in this scenario lies in the fact that it becomes possible to exchange signals with external devices, such as the powers amplifiers, and use them in real-time, making this a valuable setup for PHIL testing [5] . The same scenarios as real-time simulation are used in the test of the experimental platform. Fig. 8 shows the experimental results. The real-time simulation and experimental results show identical results.
Conclusion
This work is given a set of comparison, between real-time simulation results and PHIL experimentation results of MTDC power grid. Currently, the best candidate for the development of a transnational grid for the connection of offshore wind farms is the VSC-HVDC transmission technology. However, up to now, almost all HVDC projects around the world have been point-to-point systems. As a consequence, presently available control strategies for VSC-HVDC are not designed for operation inside large MTDC networks. In this paper a three stations MTDC test bed is described in detail followed by a description of power system equipment including descriptions of VSC, LCL filter, power amplifier and power lines. PHIL simulations get direct feedback from the system under test including all input signals, control and power electronic circuits. The ability of real-time simulator is explored to generate useful research data is discussed and difficulties in power hardware in the loop simulation to coordinate different devices are resolved. In future work the test bed will be extended to five terminals MTDC grid, generation and study the different fault.
